Is the Universe really expanding? 
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The Hubble law, determined from the distance modulii and redshifts of galaxies, for the past 80 
years, has been used as strong evidence for an expanding universe. This claim is reviewed in light of 
the claimed lack of necessary evidence for time dilation in quasar and gamma-ray burst luminosity 
variations and other lines of evidence. It is concluded that the observations could be used to describe 
either a static universe (where the Hubble law results from some as-yet-unknown mechanism) or an 
expanding universe described by the standard A cold dark matter model. In the latter case, size 
evolution of galaxies is necessary for agreement with observations. Yet the simple non-expanding 
Euclidean universe fits most data with the least number of assumptions. From this review it is 
apparent that there are still many unanswered questions in cosmology and the title question of this 
paper is still far from being answered. 
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I. INTRODUCTION 

Ever since the late 1920's, when Edwin Hubble discov- 
ered a simple proportionality [40] between the redshifts 
in the light coming from nearby galaxies and their dis- 
tances, we have been told that the Universe is expanding. 
Hubble found the recession speeds of nearby galaxies were 
linearly related to there radial distance with a constant of 
proportionality, Hq. This relationship-dubbed the Hub- 
ble law-has since been strengthened and extended to very 
great distances in the cosmos. Nowadays it is considered 
to be well established in the expanding big bang universe, 
where the Robertson- Walker metric is used to derive a 
Hubble law valid for all distances. This means that the 
space that contains the galaxies is expanding and that 
the galaxies are essentially stationary in that space, but 
dragged apart as the universe expands-now called cosmo- 
logical expansion [24}. The galaxies themselves, including 
our solar system, do not expand as space expands in the 
Hubble flow HJ. 

Hubble initially interpreted his redshifts as a Doppler 
effect, due to the motion of the galaxies as they re- 
ceded for our location in the Universe. He called it 
a 'Doppler effect' as though the galaxies were moving 
'through space'; that is how some astronomers initially 
perceived it. This is different to what has now become 
accepted but observations alone could not distinguish be- 
tween the two concepts. 

Zwicky [94J suggested a non-Doppler interpretation for 
the observed redshifts, an energy depletion process that 
has been since labeled "tired light". Hubble & Tolman 
[41| considered this idea. Hubble J42| claimed his galaxy 
number counts supported this type of linear energy de- 
pletion but he could offer no plausible mechanism. Later 
in his life Hubble 43] said that the Hubble law was due 
to a hitherto undiscovered mechanism, but not due to 
expansion of space. See [54] for a discussion on "tired 
light". 

The fact that the Hubble law can be derived from gen- 



eral relativity, which has been successfully empirically 
tested in the solar system by numerous tests |74j, and 
with pulsar /neutron star and pulsar/pulsar binary pairs 
flta . 145 . 62] in the Galaxy, is a very strong point in its fa- 
vor, and strong evidence for an expanding universe [69] ]. 
But it does not prove it, and, unless a physical mecha- 
nism can be established that produces a Hubble law in 
a static universe then this fact favors the expanding uni- 
verse. 

However, to date, there is no experimental local labo- 
ratory evidence that establishes cosmological expansion 
as a real phenomenon of nature [17} . Though it can be 
derived as a consequence of Einstein's general relativity 
theory, it has been claimed by some as a fudge factor [58| 
to support what has now become the standard model-the 
A cold dark matter (ACDM) model, also called the con- 
cordance model. As observations were made at larger 
and larger scales, the standard model has required the 
introduction of exotic non-baryonic "dark" matter and 
"dark" energy (A ^ 0) providing a sort of anti-gravity. 

Therefore, it seems opportune at this moment in time 
to review the evidence both for and against the concept of 
cosmological expansion. As an alternative, it is necessary 
to compare the expanding universe to a static universe. 
Though no inference should be drawn on the author's 
personal view here. 



II. THE PHYSICAL EVIDENCE 

All evidence for cosmological expansion comes from 
the cosmos itself. " The cosmological redshift is important 
because it is the most readily observable evidence of the 
expansion of the universe." [24] . 

Supernovae are among the brightest light sources in the 
sky. Astrophysicists believe that they have successfully 
understood the origin of a certain class of these explosions 
using general relativity, where a white dwarf star, after 
accumulating sufficient mass from a companion star to 
reach the critical Chandrasekhar mass limit, catastroph- 



ically collapses in on itself under its own gravity and ex- 
plodes in a blinding flash of light. The luminosity of 
the explosion rapidly increases, peaks, and then slowly 
decreases over days and months. By modeling this it 
is believed that one can understand what the intrinsic 
brightness at the peak of the explosion was and hence 
one can establish, for a certain class of these supernovae, 
a 'standard candle'. The theory says that the intrinsic 
brightness at the peak of the explosion is the same for all 
supernova in this class-the type la, which are identified 
from the metal content in their spectra. Hence if you 
know their intrinsic brightness you can determine their 
distance in the cosmos. Then using the redshifts of their 
host galaxies, the distance modulus, derived from the 
standard cosmology, can be tested with the matter den- 
sity (fl m ), the dark energy density (Oa.) and the Hubble 
constant (-ffo) as the only free parameters [70j . 

From this method it has been determined not only that 
the Universe is expanding but also that the expansion is 
accelerating [76|]. In order for the observations to fit the 
standard cosmology it has been necessary to add dark 
energy with a non-zero value for the cosmological con- 
stant (A) and also a significant amount of dark matter. 
And it follows that together these comprise about 96% 
of the mass-energy content of the Universe. Without 
them the ACDM big bang (BB) model seriously fails to 
describe the observed luminosities. Besides dark energy 
and dark matter are totally unknown entities in the labo- 
ratory. Though enormous effort has been made to detect 
putative dark matter particles from the Galactic halo all 
efforts have so far failed @, Q • 

One of the consequences of cosmological expansion is 
time dilation. When the light curves, which show the 
rise and fall in luminosity of the supernova explosion, are 
compared at increasing redshifts their time axes should 
be stretched due to time dilation with respect to the ob- 
server at the Earth. In other words, processes that follow 
a flow of time in the distant cosmos are slowed relative 
to Earth time. Such a "time dilation" effect has been 
clearly observed in the light curves of the type la super- 
novae and is claimed as definitive evidence for expansion 
[33 . [75| . Yet, no time dilation has been observed in the 
luminosity variations of quasars [3J, |36j , which are meant 
to be at very great distances based on their redshifts and 
the Hubble law. How can these contradictory claims be 
reconciled? 

Add to this evidence suggesting that some quasars are 
apparently associated with relatively low redshift galax- 
ies [a, H S HH l23 j which can only be reconciled if those 
quasars are not at their redshift distances but are located 
nearby. And the fact that proper motion is observed 
in quasars [6J, [83, [92| really brings into doubt that at 
least some of them must not be at the cosmological dis- 
tances derived from their redshifts. That means that a 
large part of a quasar's redshift must be due to some 
as-yet-unknown non-cosmological cause, i.e. not due to 
expansion of space. If verified this is very damaging to 
the standard model. And considering that quasars in 



the standard model are at cosmological distances, they 
should be young objects. Their larger redshifts imply 
younger quasars. Therefore, quasars should be deficient 
in metals at higher redshifts, which should be observed 
in their metal abundances as a function of epoch. But 
observations show no metal deficiency as a function of 
redshift [25|, (83|. Quasar environments, based on their 
emission lines, are generally metal rich with metallicities 
near or above the solar value even to the highest redshifts. 

Considering the history of the expanding universe hy- 
pothesis, the burden of proof should really rest with those 
that make the claim. Hubble first thought that the red- 
shifts of the galaxies was due to a Doppler effect (motion 
of the galaxies through space) but as cosmology devel- 
oped it was shown theoretically that the effect could be 
understood as resulting from the expansion of space over 
the period of flight of the photons from emitter to re- 
ceiver. And the reality is it is claimed to be independent 
of the emitter source. If independent then that means 
the origin of the redshifts comes from a process during 
the flight of the photon from source to receiver. The ex- 
pansion of space itself is the best argument currently for 
this. 

The question must be asked, what physical evidence 
do we have that the universe is expanding? Lopez- 
Corredoira [59] reviewed the evidence for this and other 
questions for cosmology today. This paper reiterates and 
updates the review of some of those same lines of evi- 
dence. So besides the redshifts themselves what evidence 
exists. 



III. EVIDENCE FOR TIME DILATION 
A. Type la supernovae 

The type la supernova (SN) measurements are the very 
best evidence for an expanding universe. In 1998 two in- 
dependent projects (the Supernova Cosmology Project 
and the High-z Supernova Search) confirmed that the 
Universe was expanding but also announced that it was 
accelerating [76j. The supernova light-curve peak lu- 
minosity (L) was correlated to an absolute magnitude 
(Mb oc —2.5log(L)), which is assumed to be intrinsic to 
that class of supernovae. 

The light curves were adjusted for a stretch factor 
w = s(l + z) which is claimed to be due to time dila- 
tion as a function of epoch (z), the redshift of the source. 
This is absolutely required in an expanding universe. In 
fact, it is the only redshift mechanism on offer that re- 
quires it. To my knowledge this time dilation factor is 
the only evidence for an expanding universe that sets it 
apart from a static universe. The Hubble law, or the 
relationship between the apparent magnitudes and red- 
shifts of galaxies, is not sufficient grounds to establish an 
expansion. Since Zwicky [94i | proposed his tired light idea 
many other possible redshift mechanisms have been the- 
oretically suggested, though none have gained any sort of 



general acceptance like cosmological expansion has. To 
date one author has compiled 31 mechanisms giving a 
quantitative description of how large redshifts may pos- 
sibly be related to distance [65| . 

With the analysis of the supernova light-curves the 
stretch factor (w) correction is determined by hand, an 
empirical fit to the best selected data. The study that 
showed the most constrained results found a sample of 
light curves proportional to (l + z) b where b — 1.07±0.06 
[32J. This seems to be the most definitive measurement 
of time dilation where b should be identical with unity. 
However, a possible criticism is that the time under the 
light-curve could depend on the intrinsic brightness of the 
supernovae (i.e. the correction factor s), which might 
vary considerably with the redshift. Lopez-Corrcdoira 
[59| provides a very good review of this. 

A similar point is made by Crawford [22|]: "Since cur- 
rent investigators assume that the type la supernovae 
have essentially a fixed absolute BB magnitude (with pos- 
sible corrections for the stretch factor), one of the criteria 
they used is to reject any candidate whose predicted ab- 
solute peak magnitude is outside a rather narrow range. 
The essential point is that the absolute magnitudes are 
calculated using BB and hence the selection of candidates 
is dependent on the BB luminosity-distance modulus. " 

Basically he is claiming selection bias. Is not this cir- 
cular reasoning? If you select only the candidates that fit 
the desired luminosity-distance criteria and use them to 
determine the luminosity distance. Since one cannot de- 
termine the absolute magnitudes of the sources without 
assuming a cosmology, the standard concordance crite- 
ria (O m s=s 0.3, n A s=s 0.7, and H « 70 km/s/Mpc) are 
used to calculate the absolute magnitudes for the candi- 
dates, which must be in a narrow range near Mb ~ — 19, 
and the acceptable ones are used to test the same model, 
and therefore determine values for Q, m and J7a- This is 
confirmed by [26] who state ". . .for any individual SN la, 
the intrinsic width is unknown, so without assuming a 
(1 + z) dilation, the intrinsic width and dilation cannot 
be separated. " 

Nevertheless for the selected supernovae [32| the re- 
gression fit to the derived absolute magnitudes (Mb) of 
the sources on the expected 2. 5/05(1 + z) redshift de- 
pendence shows that the luminosity is proportional to 
(1 + z) a where a = 0.23 ± 0.07. This means that their 
intrinsic luminosity must have slowly decreased as the 
universe evolved. There is no reason why the mass of the 
white dwarf progenitor stars for these supernovae should 
increase as the Universe ages, hence resulting in brighter 
explosions. One of the assumptions of the Cosmological 
Principle is that the physics of the Universe is the same 
at all epochs. Note Fig. 13 (page 1036) of [7g| where 
various SN la light curves are shown with different abso- 
lute magnitudes Mb ■ The brighter sources decline slower 
than the dimmer sources. The standard explanation for 
this change is the ad hoc introduction of dark energy [9_l| 
or quintessence [861 ] . Hence evolution in the size and mass 
of the galaxies over cosmic time has been assumed as the 



reason. The question then remains what level of circu- 
lar reasoning has been used for selection of the candidate 
type la supernovae because they do not (as initially as- 
sumed for a 'standard candle') have the same intrinsic 
luminosities? 

Crawford 22] models the luminosities of type la super- 
nova in a static universe and finds that the total energy of 
the explosion (area under the light curve) is a far better 
'standard candle'. Therefore assuming that all these type 
of supernova have the essentially the same energy, based 
on the modeling of the critical Chandrasekhar mass limit 
of the progenitor white dwarf, the product of the peak 
luminosity and the width of light curve will be a con- 
stant. Since the prime characteristic used for selecting 
these supernovae is the peak absolute magnitude, which 
is computed using the standard concordance model, there 
is a strong bias that results in intrinsically weaker super- 
novae being selected at higher redshifts. The absolute 
magnitudes cannot be determined without assuming a 
cosmological model first. And for constant energy the 
weaker supernovae must have wider light curves. This 
is a selection effect that has width of the light curve in- 
creasing with redshift and hence can mimic time dilation 
in the resulting selected candidates. 

When Crawford [22] applies his model of absolute en- 
ergy (absolute magnitude in his static model plus cor- 
rection for width) for each supernova in the same SN la 
data sets [51| used to test the standard model he finds the 
energy of the explosion to be invariant over all redshifts 
with a curve-fit slope of 0.047 ± 0.089, which is consis- 
tent with zero. This means no change over all redshifts. 
Using a simple selection model for SN la data he shows 
their width dependence on redshift, and considering the 
biased nature of the data, is a very reasonable fit. Hence 
no time dilation and no cosmological expansion. Because 
no additional energy is needed for the fit, no dark energy 
or quintessence is needed either. 

In an effort to resolve this time dilation question in 
supernova light-curves a single supernova (1997ex) was 
studied [26j at different epochs separated by months and 
found that the spectral evolution of the source is incon- 
sistent with no time dilation at a 96.4% confidence level. 
The claim lies in the spectral-feature age that is used to 
independently determine the aging of the source at ap- 
proximately monthly intervals. The derived age measure 
is then compared to the expected (1 + z) aging. Hence 
the amount of aging in the supernova rest frame should 
be a factor of (1 + z)~ x smaller than that in the observer 
frame. The results were found to be consistent with time 
dilation. 

It should also be mentioned that this latter paper dis- 
cusses the consistency of time dilation seen both in the 
SN light-curve, over monthly timescales, and in the wave- 
lengths of the light seen in the observer frame, i.e. in the 
redshifting of the light from the source. This is the impor- 
tant distinction for this review. Are longer timescale time 
measures consistent with the "femtosecond time dilation^ 
in the observed redshift of the light from the sources? 



The concept of the accelerating universe has come from 
the very highest redshift type la supernova observations, 
and hence the idea of dark energy (or a cosmological con- 
stant) driving the Universe apart. This has resulted from 
a deficit of the expected luminosity determined from the 
standard model with A = and that observed in these 
distant sources. However it has also been criticized on 
the basis of intergalactic dust [l|, |33| , causing the added 
deficit and that the presence of grey dust is not inconsis- 
tent with the measure on the most distance supernova at 
redshift z = 1.7 (SN 1997ff) H. 

Type la supernovae may also have a metallicity de- 
pendence on redshift which may mean that the resulting 
non-zero value of the cosmological constant may require 
corrections for metallicity by factors as large as the ef- 
fects of the assumed cosmology itself [73]. This causes 
an underestimate of the effects of host galaxy extinc- 
tion; a factor which contributes to the apparent faintness 
of the high redshift supernovae is evolution of the host 
galaxy extinction as a function of redshift, caused by the 
presence of molecular clouds and dust. Therefore with 
a proper treatment of the latter, and if one eliminates 
those SN la sources not observed before peak brightness 
is reached, the evidence for a cosmological constant (and 
dark energy) is quite weak. 

The use of standardized SN la light curves involves the 
stretch parameter (s) [70| related to both the width of the 
light curve and the magnitude at maximum brightness. 
This determined empirically from observational data and 
based on events at low redshift, and only assumed to be 
valid at high redshift. "...if a systematic different rela- 
tion holds for high-z events (either in the average value, 
or in the dispersion, or both) the cosmological applica- 
tion of SNe la as distance indicators would be called into 
question. " [31| 

As a result a concerted effort is being made to under- 
stand what the SN la progenitor stars are. This is still be- 
ing debated [3l|, [33, [93] ■ How does metallicity affect the 
mass of the progenitors and hence the SN la luminosities? 
There is no clear resolution as yet. Howell et al. [37J state 
that "Age may have a greater effect than metallicity -we 
find that the luminosity-weighted age of the host galaxy is 
correlated with 56 Ni yield, and thus more massive progen- 
itors give rise to more luminous explosions. This is hard 
to understand if most SNe la explode when the primaries 
reach the Chandrasekhar mass. Finally, we test the find- 
ings of f29t l that the residuals of SNe la from the Hubble 
diagram are correlated with host galaxy metallicity, and 
we find no such correlation. " That is, the dispersion in 
the distance modulii from those expected is due to dif- 
ference in the metal content of the SN la environments. 

It is worth noting that there have been various at- 
tempts to construct alternate models that fit the SN la 
data without time dilation. Ivanov [46| has developed a 
quantum gravity static universe model that has a Hub- 
ble law resulting from quantum interactions. There is no 
time dilation in his model. The author compares the pre- 
dictions of his model with both SNe la and GRBs with- 



out time dilation [47}. He corrects the published SN la 
distance modulii for the time dilation stretch factor and 
compares with his model. The fits are extremely good yet 
no dark energy term is needed. Ivanov [47] concludes his 
paper with the telling remark, "...the discovery of dark 
energy in a frame of the standard cosmological model is 
only an artefact of the conjecture about an existence of 
time dilation. " 

One can say then that if there exists at least one static 
model where if one corrects the SN la data for no time di- 
lation and it fits that model then that creates significant 
doubt about the need for dark energy and dark matter 
in the first instance. 



B. Quasar luminosity variations 

Quasars show variations in their luminosities over 
timescales of weeks to years. This means that quasars 
generate and emit their energy from a very small region, 
since each part of the quasar would have to be in causal 
contact with other parts on such time scales to coordi- 
nate the luminosity variations. As such, a quasar varying 
on the time scale of a few weeks cannot be larger than a 
few light- weeks across. 

And to date from extensive observations of quasars no 
time dilation has been found in their luminosity vari- 
ations (34J, [36(- Hawkins [3a] used the light curves of 
over 800 quasars monitored on time scales from 50 days 
to 28 years. He divided his data into two groups, for 
quasars at low (z < 1) and high redshift (z > 1) and 
used Fourier power spectral analysis methods. He com- 
pared their spectral energy distributions (SEDs), at high 
and low redshifts, to look for changes expected from time 
dilation. The research has found that the SEDs at high 
and low redshift are identical. 

The research also confirmed an anti-correlation ob- 
served between the luminosity and the amplitude of the 
light curves of the quasars. For a sample of quasars, the 
more luminous are seen to vary over a smaller range of 
brightness than the less luminous ones. It would seem 
then that this fact would make it difficult to resolve a 
time dilation effect. But Fourier analysis provides a way 
of giving a measure of the variability on different time 
scales and separate it from magnitude effects. With a 
sufficient time span of the data the degeneracy between 
time-scale and amplitude (magnitude) can be resolved. 
The results of this research is powerful evidence against 
any time dilation effects in the Universe as a function of 
epoch. 

If the quasar do not show time dilation when con- 
sidered from the observer's frame of reference, how can 
these measurements be reconciled with the SN la mea- 
surements? (36| discusses possible explanations to com- 
pensate for the lack of time dilation and involves the 
possibility that time dilation effects are exactly offset by 
an increase in the timescale of variations associated with 
black hole growth (that is thought to power the quasar) , 



or that the variations that are observed are caused by 
microlensing [35|, hence not intrinsic to the quasar. The 
latter means the variations do not originate in the quasars 
themselves but along the line of sight at lower redshifts. 
In such a case time dilation would not be expected. But 
these would have to occur in the same manner over all 
timescales. Such explanations are not very satisfactory. 
One possible resolution is that the quasars are not at 
the cosmological distances indicated by their redshifts 
but are in fact much closer [g, H 1221 ■ Of course, the 
implication is that some quasars are in some way different 
from galaxies (at least the mechanism generating their 
redshifts is) but are associated with low redshift galaxies 



C. GRB luminosity variations 

Gamma-ray bursts (GRBs) are flashes of gamma rays 
associated with extremely energetic explosions observed 
in the distant cosmos [7l|. Assuming their host galaxy 
redshift are a good measure of distance, they are the most 
luminous sources in the universe. Bursts can last from 
ten milliseconds to several minutes. The initial burst is 
usually followed by a longer-lived "afterglow" emitted at 
longer wavelengths, covering all parts of the electromag- 
netic spectrum (X-ray, ultraviolet, optical, infrared, and 
from microwaves to radiowaves) . Their peak energies are 
in the gamma ray and X-ray parts of the spectrum. Most 
observed GRBs are believed to consist of a narrow beam 
of intense radiation emitted from a supernova |14l j . 

The claim has been made that GRBs show time 
dilation in time measures of the gamma ray bursts 
HEIDI]- Chang [H| attributed the anti-correlation of 
one time measure with a brightness measure indirectly as 
evidence of time dilation itself. Norris [68[ and Bloom et 
al. [lj] claim that this is the reason why the time dilation 
cannot be observed in the raw data. Because a strong lu- 
minosity dependent selection produces an average lumi- 
nosity that increases with redshift there is a simultaneous 
selection of time measures that decrease with redshift and 
this cancel the observable effects of time dilation. 

Shen & Song [82j found a bimodal distribution of 
GRBs where the long GRBs are composed of two sub- 
classes with different time variability in a time measure, 
the power density. Their claim is that the averaged vari- 
ability time scale decreases with the peak flux and is 
consistent with the expected time dilation. 

But Hawkins (2010) states that the evidence for time 
dilation from gamma ray bursts is inconclusive. Ini- 
tially, that was because of the uncertainty in the intrin- 
sic timescales of the bursts, but later, once the redshifts 
of bursts were found, the problem of correcting the raw 
data for selection effects involving an inverse correlation 
between luminosity and time measures made it difficult 
to use GRBs to detect time dilation. 

Four time measures, determined from the original 
gamma-ray observations, are independent of any model 



for the burst mechanism [79j. The relevant measures in- 
clude the lag time between a band of high energy gamma- 
rays and a band of lower energy gamma-rays (ri ag ), the 
shortest time over which the GRB light curve rises by 
half the peak flux of the pulse {tut), and the number 
of spikes or variations per second in the light curve (V), 
which is estimated with respect to a smoothed version of 
the light curve. The fourth is the estimated time span 
that contains 90% of the counts (T 90 ). 

Crawford [2l| makes a careful analysis of the tradi- 
tional explanation that an inverse correlation between 
luminosity and these time measures together with strong 
luminosity selection as a function of redshift cancels any 
observed time dilation. He confirms that there is an in- 
verse correlation between luminosity and some time mea- 
sures. Of the 4 listed above it is strongly seen in 2 of 
them. But using the concordance cosmology strong lumi- 
nosity selection cannot be achieved. He finds that GRBs 
out to z = 6.6 show no evidence of time dilation in the 
raw data and rejects the hypothesis with a probability of 
4.4 x 10~ 6 . 

It may be possible to explain the apparent lack of time 
dilation with a combination of gamma-ray burst selec- 
tion, some luminosity evolution and some time measure 
evolution. But this requires a remarkable coincidence, 
where opposite effects exactly cancel, in order to produce 
the apparent lack of time dilation. However the data are 
consistent with a static cosmology in a non-expanding 
universe. Crawford [21] finds that, assuming a static 
universe, the total energy of the GRBs is found to be 
invariant with redshift. This is a similar result that can 
be shown in the type la supernova data also. 



IV. EVIDENCE AGAINST EXPANSION 
A. Angular size test 

The test of the dependence of the angular size of some 
sources with redshift was first conceived by Hoyle [38j . 
In principle, it is simple, but in application not so sim- 
ple, because of the difficulty in finding a 'standard rod', a 
type of object that undergoes no evolution in linear size 
over time spans of order of the age of the Universe. The 
angular sizes of quasars (or quasi-stellar objects (QSOs)) 
and radio galaxies at radio wavelengths, for first ranked 
cluster galaxies in the optical, and for the separation 
of brightest galaxies in clusters or in QSO-galaxy pairs 
of the same redshift have all been measured. Lopez- 
Corredoira [61| provides an excellent analysis of this and 
the Tolman surface brightness test. See also the refer- 
ences contained therein. 

This type of test is related to the Tolman surface 
brightness test but tests for the angular size (9) of an 
object as a function of epoch (z). These will vary quite 
differently depending on the cosmology assumed. The 
angular sizes of radio galaxies over a range up to z = 2 
show a dependence 8 ex z^ 1 [j,|48|], which is a static Eu- 



clidean effect over all scales. Size evolution as a function 
of redshift is needed for this to fit the standard model. 

In the standard model evolution in object size is as- 
sumed ad hoc and generally is used to make up for any 
deficiency been the modeled and observed size as a func- 
tion of redshift. Any discovered # oc z _1 dependence, as 
predicted by a static Euclidean universe, would be just a 
fortuitous coincidence of the superposition of the angu- 
lar size 9(z) dependence in the expanding universe with 
evolutionary and/or selection effects. However, the fit of 
radio source counts was found to be best when no evolu- 
tion was assumed [2J|. Lopez-Corredoira [6l[ found that, 
when assuming the standard cosmological model as cor- 
rect, the average linear size of galaxies, with the same 
luminosity, is six times smaller at z — 3.2 than at z = 0, 
and their average angular size for a given luminosity is 
approximately proportional to z^ 1 . 

Neither the hypothesis that galaxies which formed ear- 
lier have much higher densities nor their luminosity evo- 
lution, nor their merger ratio, nor massive outflows due 
to a quasar feedback mechanism are enough to justify 
such a strong size evolution. Without a very strong size 
evolution the standard model is unable to fit the angular 
size vs. redshift dependence. This requires between 2 and 
4 major mergers per galaxy during its lifetime, which is 
observationally unjustifiable. Also it is not known how lo- 
cal massive elliptical galaxies have grown as similar sized 
galaxies are known at high redshifts. Therefore it follows 
that the nearby ones must have been much smaller at 
high redshift assuming size evolution to be true. And 
no method is known how spiral galaxies grow through 
mergers and preserve their spiral disk nature. 

Some disk galaxies have been found that have no nu- 
clear bulge; they are considered to be almost too good 
to be true [50]. Kormendy et al. [50| ask the ques- 
tion: "How can hierarchical clustering make so many gi- 
ant, pure- disk galaxies with no evidence for merger-built 
bulges?" Simulations show as spirals merge their spi- 
ral disk structure is lost. Seems like no mergers have 
occurred with these galaxies over their lifetimes. And 
observations of five brightest cluster galaxies (BCGs) at 
redshifts 0.8 < z < 1.3 were compared to a group of 
BCGs at z = 0.2 and they were found to be no more 
than 30% smaller indicating little or no evolution has 
occurred, contrary to the standard model [871 ] . 

However, in a study 81] of 74 galaxies with spec- 
troscopic redshifts in the range of 3.8 < z < 5.0 over 
the Great Observatories Origins Deep Survey (GOODS) 
fields evidence is presented for strong Ha emission. This 
is inferred from an excess of 3.6/irn radiation. The strong 
Ha emission then implies a strong sustained star forma- 
tion phase over the life of the galaxies where at least 50% 
of the stellar mass is accumulated at a constant rate as- 
suming the gas supply is sustained. This is suggested to 
be the case in 60% of the Ha emitters. So early galaxy 
formation was not dominated by mergers but by smaller 
galaxies supersizing themselves by gobbling up surround- 
ing fuel, creating an unusual amount of plump stars, up 



to 100 times the mass of our sun. If this model proves to 
be true it could get around the merger problem. 

As mentioned, the main difficulty with this type of 
measure is establishing the standard size of the objects 
being observed. However, the cosmological model that 
uses a very simple phenomenological extrapolation of the 
linear Hubble law in a Euclidean static universe fits the 
angular size vs. redshift dependence quite well, which is 
approximately proportional to z . There are no free pa- 
rameters derived ad hoc, although the error bars allow a 
slight size/luminosity evolution. The type la supernovae 
Hubble diagram can also be explained in terms of this 
static model with no ad hoc fitted parameter, i.e. no 
dark matter nor dark energy. 



B. Tolman surface brightness 

Hubble & Tolman [41J proposed the so-called Tolman 
test based on the measure of the brightness of galaxies as 
a function of epoch. A galaxy at redshift z differs in sur- 
face brightness depending on whether there is recession 
or not. The units chosen for magnitude determines the 
redshift dependence and in bolometric units the surface 
brightness of identical objects in an expanding universe 
varies by (1 + z) 4 : one (1 + z) factor due to time dilation 
(a decrease in photons per unit time), one factor (1 + z) 
from the decrease of energy per photon and two factors 
from the fact that the object was closer to us by (1 + z) 
when the light was emitted. In an expanding universe 
regardless of the units the ratio of surface brightness in 
an expanding and non-expanding universe is (1 + z)~ 3 . 
This is independent of wavelength. 

Lerner [55|] tested the evolution of galaxy size hypothe- 
sis that is used to fit the standard model to the observed 
angular size of galaxies as a function of redshift. His 
method is based on the fact that there is a limit on the 
ultraviolet (UV) surface brightness of a galaxy, because 
when the surface density of hot bright stars and thus su- 
pernovae increases large amounts of dust are produced 
that absorb all the UV except that from a thin layer. 
Further increase in surface density of hot bright stars be- 
yond a given point just produces more dust, and a thinner 
surface layer, not an increase in UV surface brightness. 
Based on this principle, there should be a maximum sur- 
face brightness in UV-rest wavelengths independent of 
redshift. Scarpa et al. [78( measured, in low redshift 
galaxies, a maximum FUV (155 nm at rest) emission of 
18.5 magAB/dfcsec 2 and no galaxy should be brighter 
per unit angular area than that. Lopez-Corredoira [61] 
using data from [901 ] determined surface brightness val- 
ues for galaxies under the assumptions of both expanding 
and static universes. They found that in the expanding 
case many galaxies would have to be brighter than the al- 
lowed limit by even up to 6 times. In the case of the static 
universe no galaxy would be brighter than this limit. In 
addition it has been reported for clusters z > 1 that they 
also are found to be "too big, too early" if the parameters 



of the standard concordance model are used [39j . 

Lerner [56| using a large UV dataset of disk galaxies in 
a wide range of redshifts (from z — 0.03 to z = 5.7) which 
included 3 sets of galaxies at low redshift (z < 0.1) and 8 
sets of galaxies at high redshift (0.9 < z < 5.7) from the 
Hubble telescope Ultra-Deep Field show that there is a 
decided preference for a fit to the angular size data with 
a Euclidean non-expanding (ENE) universe over that of 
the expanding ACDM concordance model. In fact, the 
results are a very poor fit to the ACDM model. If the 
redshift range is restricted to 0.03 < z < 3.5 then the 
ENE model provides a reasonably good fit. When a very 
small amount of extinction is allowed for the fit is near 
perfect. 



C. The CMB radiation 

There are two important issues here in relation to an 
expanding universe. 

1. Can we really be sure that the cosmic microwave 
background radiation (CMBR) is from a back- 
ground source, that it is relic radiation from the 
big bang? 

2. Does measurement of the temperature of that radi- 
ation at different epochs tell us something cosmo- 
logical? 

Gamow [291 ] predicted relic radiation from the big bang 
and thus the CMBR was a successful prediction of the 
standard model but unless you could show it could not 
originate elsewhere it would not be proven. Lieu et al. 
[57| showed that when 31 relatively nearby clusters of 
galaxies (where most z < 0.2) were studied for any decre- 
ment in temperature, a shadowing of the CMBR by the 
clusters, it was only detected in about one quarter of 
the clusters. They looked for the expected temperature 
decrement of the X-ray emitting intergalactic medium 
via the Sunyaev-Zel'dovich effect (SZE) and found some- 
times even a heating effect. Bielby & Shanks [13[ ex- 
tended that work in 38 clusters to show that not only was 
the SZE less than what was expected but that it tendered 
to progressively disappear for redshifts from z — 0.1 to 
z = 0.3. Their result is statistically equivalent to a null 
result (no shadowing) at about the 2a level. 

This then brings into doubt the fact that the CMBR is 
from the background, i.e. from the big bang and therefore 
whether cosmic expansion is a valid hypothesis. However 
to examine that more precisely one should study the tem- 
perature of this radiation at past epochs. 

McKellar [63| interpreted interstellar absorption lines 
in the blue part of the optical spectrum arising from di- 
atomic CN molecules as being excited by background ra- 
diation with a blackbody spectrum and a required tem- 
perature of 2.3 K. This was from sources in the Galaxy 
and well before "the discovery" of the CMBR. 

The standard cosmology predicts that the temperature 
of CMBR scales with redshift and that the temperature is 



higher than that in the solar system by the factor (1 + z). 
Hence from the excitation of atomic transitions in absorb- 
ing clouds at high redshifts along the line of sight to dis- 
tant quasars, assuming the atoms are in equilibrium with 
the CMBR, this temperature can be determined. In one 
such case [8J| a temperature of 7.4 ± 0.8 K at z = 1.776 
was derived, which agrees very well with the theoreti- 
cal prediction of 7.58 K. However, another component of 
the same cloud, with a very similar redshift, yielded a 
temperature of 10.5 ± 0.5 K, not in such good agreement 
with the standard cosmology. Others also found a similar 
result [3(|. And measurements on a cloud at z = 2.34 re- 
sulted in temperatures between 6 K and 14 K [85]. This 
is in accord with the 9.1 K predicted by the standard 
cosmology but with larger errors. 

From the analysis of the C+ fine-structure population 
ratio in the damped Lyman alpha (Lya) absorber sys- 
tem towards a quasar at z = 3.025 [67l | a temperature of 
14.6 ± 0.2 K was calculated, compared to the theoretical 
prediction of 10.97 K. The discrepancy is attributed to 
the existence of other mechanisms of excitation, like col- 
lisions for example. But that means that other measure- 
ments (in other papers) should also be affected by other 
mechanisms of excitation and that means those measure- 
ments can just give the maximum CMBR temperature, 
but not the minimum. Are we expected to believe that 
when the results agree with the theoretical predictions, no 
other mechanisms are involved, but when the results do 
not agree, they are? 

Therefore, it seems that the increase of CMBR temper- 
ature as a function of redshift (z) by the factor (1 + z) 
has not been proven. It is still an open question that 
Lamagna et al. [52| have suggested a method to answer. 



D. Absorption systems and Lya lines 

When neutral hydrogen (HI) clouds are illuminated 
by a quasar in their background, absorption lines are 
seen at redshifts less (shorter wavelengths) than that of 
the quasar. These result from the fundamental Lyman 
excitation of the neutral atoms, from around 121.6 nm 
(for Lyman alpha, Lya) to 102.5 nm (for Lyman beta, 
Ly/3). They are found in the vacuum ultraviolet part 
of the spectrum. The presence of a very large group 
of these lines, called the Lya forest, representing many 
foreground hydrogen clouds, has been said to be a very 
good probe of the intergalactic medium [73| . 

The Lya forest seems to be very good evidence that 
the quasars are at their large redshift distances. It would 
seem to contradict the claim of Arp and others that some 
quasars have large intrinsic redshifts that are not due 
to cosmological expansion. The light from the quasar is 
uniformly redshiftcd. If this is due to some intrinsic effect 
it would not translate into a series of lines representing 
lower and lower redshift distances towards the observer 
from absorbing hydrogen clouds in the foreground of the 
quasar. The absorption lines are measured at redshifts 
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less than that of the quasar hence the clouds should be 
at their cosmological redshift distances in an expanding 
universe. 

However, all is not as it might first appear. Prochter 
et al. ;72] published observations that they described as 
'astonishing'. They found by using spectra of GRBs they 
were able to "... identify H strong Mgll absorbers along 
14 GRB sight lines (nearly every sight line exhibits at 
least one absorber)...". This meant that every GRB they 
observed showed at least one absorbing cloud/galaxy in 
its foreground, whereas only one quarter of quasars show 
the presence of absorbing clouds/galaxies. 

What is so special about GRBs that they always have 
an absorber in their foreground? This was discussed in a 
letter to the journal Science [80j where it was mentioned 
that these features observed in the GRB spectra might 
be intrinsic to the 'home galaxy' that hosts the gamma- 
ray burst and not to foreground galaxies. In the case of 
this study they used Mgll lines and not HI lines. 

Lanzetta of Stony Brook University in New York is 
quoted by the Science article, "If I had to bet, I would 
say this is that one-in-10,000 statistical fluke that hap- 
pens every now and then," ... "It will probably go away 
when more observations become available. We'll have 
to wait and see." If the puzzle remains after 15 or 30 
more GRBs are analyzed, however, then "something very 
strange must be going on. " 

By 2009, Tejos et al. [89] found that the number of 
absorbing systems towards GRBs was three times larger 
than towards quasars (from a sample of 8 GRBs studied) 
and no good explanation for the anomaly is forthcom- 
ing, though a few have been proposed. This then adds 
doubt to the proposition that the Lya lines represent 
neutral hydrogen clouds, absorbers, in the foreground of 
the quasars also. 

A Gunn-Peterson trough is believed to result when 
many Lya absorption lines overlap due to many clouds 
of neutral hydrogen. This is theorized to have occurred 
towards the end of the era of reionization. The Gunn- 
Peterson trough is seen in the spectra of some quasars, 
and is strongly dependent on redshift. It is not seen in all 
quasar spectra. The standard model explains this where 
the intergalactic medium has been re-ionized-hence no 
absorption. The Gunn-Peterson trough is evidence for 
the era of the dark ages (high opacity) where there is 
only neutral hydrogen. 

Lopez-Corredoira [59| describes some observations on 
this. "A hydrogen Gunn-Peterson trough was predicted 
to be present at a redshift z = 6.1 (66]. Indeed, a com- 
plete Gunn-Peterson trough at z — 6.28 was discovered 
lid }, which means that the Universe is approaching the 
reionization epoch at z r = 6. However, galaxies have been 
observed at z — 6.68 ]5S], or z — 6.56 without the opacity 
features (44] prior to the reionization, and the epoch of 
reionization was moved beyond z r = 6.6 \4&] . 

An inhomogeneous reionization flu] is a possibility 
to explain the apparent disagreement of the different 
data. Recent measures of CMBR anisotropics by the 



WMAP observations give a reionization epoch z r = 
20lg° (95% CL). fH] If we were going to believe that 
CMBR anisotropics are being correctly interpreted in 
terms of the standard cosmology, we would have again 
a new inconsistency. " 

This means that the data and the theory do not re- 
ally coincide. A Gunn-Peterson trough is observed at a 
redshift well after the epoch 11 < z < 30 for the era of 
reionization determined from CMBR observations. So is 
it really due the theorized effect? 

For the hydrogen cloud absorption lines to show a large 
redshift and for the latter not to result from cosmological 
expansion then those lines would have to originate in 
the atmosphere of the quasar and be generated by the 
same unknown intrinsic effect as that of the quasar. As 
the light passes through a quasar's atmosphere the HI 
atoms, as a function of distance above the quasar, would 
have to have different Doppler speeds inward and hence 
slightly less redshifted than the putative parent quasar. 
In other words, it has to be some mechanism connected 
to the quasar itself. If not, the standard model has a 
good argument in favor of cosmological expansion. 

Ashmore [9j reviewed and analyzed the spacing of hy- 
drogen clouds as a function of redshift, by taking liter- 
ature data on numbers of neutral hydrogen clouds mea- 
sured as a function of redshift from their absorption lines 
with background quasars. He made the usual BB as- 
sumptions that quasars are at their redshift distances 
and that the Lya absorption lines result from hydrogen 
clouds in the foreground of quasars. 

From this Ashmore Q showed that the cloud spacing 
is constant out to a redshift of z ~ 0.5 when most stud- 
ies are combined and out to z — 1.6 from one particular 
survey |49| . Beyond z w 0.5 generally there is a decrease 
in cloud spacing from other studies. With standard as- 
sumptions this would mean the Universe expanded up to 
z w 0.5 and then became static. If it once expanded, 
it describes an expanding universe that decelerated and 
became static. Here there is the assumption for a sort 
of generic static model that has no redshift dependence 
on line spacing but that is not necessarily the case. The 
specifics of a particular static cosmology may require oth- 
erwise. 

Also the Doppler line broadening from the clouds indi- 
cates a near linear decrease in temperature as a function 
of redshift, which is the opposite of what one expects 
from the standard model. Above the increased redshift 
dependence on the temperature of the CMBR was dis- 
cussed. However, if the temperature determined from 
the HI line broadening is indicative of the intergalactic 
medium then it implies that the CMBR must be local. 
For a perfect black body spectrum if the CMBR arose 
from the earliest times it must have begun at a lower 
temperature than observed locally. Certainly, within the 
constraints of the standard cosmological model these ob- 
servations are contrary to what would be expected. 

Mainstream cosmology explains it as a coincidence and 
puts it down to a precarious balance between expansion 



and galaxy formation on the one hand and rate of ion- 
ization on the other. For lower redshifts, expansion and 
galaxy formation have the effect of reducing the density 
of HI clouds but the density of quasars also reduces, pro- 
ducing a reduction in the local background UV which 
reduces the rate at which the clouds disappear by ioniza- 
tion under the set column density. And if the quasars are 
not at their redshift distances it would change the red- 
shift dependence of the results. But the fact alone of the 
quasars not being at their redshift distances would signif- 
icantly change our understanding of modern cosmology. 



V. CONCLUSION 

The best evidence in support of an expanding cos- 
mos is the type la supernova observations. However, to 
choose the candidate supernovae, the standard concor- 
dance model is used. And yet those same observations 
can be made to fit a static universe without the time di- 
lation factor necessary to the big bang universe. In this 
case the main line of evidence in support of the big bang 
is the (1 + z) time dilation factor but if that is due to a 
selection effect then there is no definitive evidence for an 
expansion as required. 

And why do quasars, supposedly the most distance 
sources in the Universe, not show any evidence of the 
required cosmological time dilation? The Universe could 
simply be static-that would neatly solve the problem. Or 
the quasars may not be so distant-not at their redshift 
distances. But to save the standard model, one must 
assume that there has been a conspiracy of competing 
effects, including an accumulation of black hole mass at 
the core of these quasars, over cosmic time, that exactly 
cancels any observable time dilation. 

The Hubble diagram fits a static universe with a sim- 



ple Euclidean non-expanding space just as well as it does 
the standard concordance big bang model. In the former 
case no dark matter, no dark energy, no inflation-all un- 
known in the lab-are needed. The former extrapolates 
the simple Hubble law to all redshifts. And it should be 
realized that there have been suggested many alternatives 
[65| for the mechanism behind the observed redshifts that 
don't require cosmological expansion however very little 
research has been expended on such. 

Nevertheless a mechanism for cosmic redshifts (the 
Hubble law) has been neatly derived from Einstein's gen- 
eral theory, which has been successfully tested in the so- 
lar system and with pulsar binary pairs. The latter test 
the theory in different domains to that of cosmological 
redshifts, yet adds support that the same theory would 
apply elsewhere. 

Looking at the angular sizes of galaxies as a function 
of redshift the static universe model provides a better fit 
than the standard model and with the least number of as- 
sumptions. However, by suitably choosing, ad hoc, evolu- 
tion in size of galaxies as a function of redshift (by orders 
of magnitude more than any observation) the standard 
model can be saved. There is some recent evidence on the 
growth of individual high redshift galaxies with stars that 
supersized themselves by gobbling up surrounding fuel, 
creating stars up to 100 times the mass of our sun. Other 
than this, the size evolution of galaxies in the standard 
model by mergers is a difficult research problem. 

Taking together all the evidences presented here (see 
Table I), in my opinion, it is impossible to conclude ei- 
ther way whether the Universe is expanding or static. 
The evidence is equivocal; open to more than one inter- 
pretation. It would seem that cosmology is far from a 
precision science, and there is still a lot more work that 
needs to be done to resolve the apparently contradictory 
evidence. 



[1] Aguirre, A., & Zoltan, A., (2000) Astrophys. J., 532, 28. 

[2] Aprile E., et al. (XENON100 Collaboration) (2010) Phys. [12] 

Rev. Lett., 105, 131302. 
[3] Aprile E., et al. (XENON100 Collaboration) (2011) [13 

arXiv/1104.2549. [14 

[4] Andrews, T.B., (1999) ASP Conf. Series, Vol. 193, A.J. 

Bunker, and W.J.M. van Breugel (Eds.), Astron. Soc. of [15 

Pacific, S. Francisco, 407. [16 

[5] Arp, H., Quasars, Redshifts and Controversies, Interstel- [17 

lar Media, Cambridge University Press, Berkeley, CA, 

1987. [18 

[6] Arp, H., Seeing Red, Redshifts, Cosmology and Aca- [19 

demic Science, Apeiron, Montreal, 1998. 
[7] Arp, H., & Russell, D. (2001) Astrophys. J., 549, 802. [20 

[8] Arp, H., & Fulton, C, (2008) arXiv/0802.1587 
[9] Ashmore, L., (2009) ASP Conf. Series, Vol. 413, F. Potter [21 

(Ed.), Astron. Soc. of Pacific, S. Francisco, 3. [22 

[10] Becker, R. H., Fan, X., and White, R. L. (2001) Astron. 

J., 122, 2850. [23] 

[11] Bell, M.B. (2002) Astrophys. J., 566, 705; Bell, M.B. 



(2002) Astrophys. J., 567, 801. 

Bennett, C. L., Halpern, M., Hinshaw, G. et al. (2003) 
Astrophys. J. Suppl., 148, 1. 

Bielby, R.M. & Shanks, T. (2007) M.N.R.A.S., 382, 1196. 
Bloom, J.S., Frail, D.A., and Kulkarni, S.R. (2003) As- 
trophys. J., 594, 674. 

Borgonovo, L. (2004) Astron. & Astrophys., 418, 487. 
Burgay, M., et al. (2003) Nature, 426, 531. 
Carrera, M. & Giulini, D. (2010) Rev. Mod. Phys., 82, 
169. 

Chang, H-Y. (2001) Astrophys. J., 557, L85. 
Chang, H-Y., Yoon, S-J., and Choi, C-S. (2002) Astron. 
& Astrophys., 383, LI. 

Cooperstock, F.I., Faraoni, V., and Vollick, D.N. (1998) 
Astron. J., 503, 61. 

Crawford, D.F., (2009) arXiv/0901.4169 
Crawford, D.F., (2011) J. of Cosmology, in press, 
journalof cosmology . com/crawf ordl .pdf 
Das Gupta, P., Narlikar, J.V., and Burbidge, G.R. (1988) 
Astron. J., 95, 5. 



10 



TABLE I: Straw poll on how the evidence stacks up. 



Evidence 



Pro 



Con 



Comments 



Hubble law 

SNe la distance modulus 

Dark energy 

Dark matter 

SN 1997ff time dilation 

SN metallicity vs. redshift 

Quasar proper motion 

Quasar metallicity vs. redshift 

Quasar luminosity variations 

GRB luminosity variations 

Angular size vs. redshift 

Surface brightness vs. redshift 

Galaxy size vs. redshift 

Galaxy clusters at high redshift 

Existence of CMBR 

CMBR shadowing by clusters 

CMBR temperature vs. redshift 

Quasars and Lya absorbers 

GRBs and Mgll absorbers 

Gunn-Peterson trough 

HI cloud spacing vs. redshift 



X 




X 






X 




X 


X 






X 




X 




X 




X 


X 


X 




X 




X 


X 


X 




X 


X 






X 


X 


X 


X 






X 


X 




X 


X 



Derived from general relativity 

Some selection bias, or, intergalactic dust 

Required from SNe la but physically unknown 

Required from SNe la but physically unknown 

Evidence against no time dilation 

Contrary to expectation 

If verified, very bad for ACDM model 

Contrary to expectation 

Explained with luminosity evolution 

Explained with luminosity evolution 

Explained with ad hoc size evolution 

Explained with ad hoc size evolution 

Unexplained by merger theory 

Unexplained 'too big, too early' 

Predicted in 1948 but first observed in 1941 

Results from SZE otherwise unexplained 

Inconsistent results within the same cloud 

Doubts from Mgll absorbers toward GRBs 

'Astonishing' nearly all aligned 

Doubts on redshift of "era of reionization" 

Evidence for both expansion and static 



'This is not intended to be definitive as the relative weights for evidences are not assigned. 
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